
Forest Policy and Economics 10 (2008) 400–407

Contents lists available at ScienceDirect

Forest Policy and Economics

j ourna l homepage: www.e lsev ie r.com/ locate / fo rpo l
Potential biomass and logs from fire-hazard-reduction treatments in Southwest
Oregon and Northern California

R. James Barbour a,⁎, Jeremy S. Fried b, Peter J. Daugherty c, Glenn Christensen d, Roger Fight 1

a Pacific Northwest Research Station, Portland Forestry Sciences Laboratory, P.O. Box 3890, Portland, OR 97208, United States
b Pacific Northwest Research Station, Portland Forestry Sciences Laboratory, P.O. Box 3890, Portland, OR 97208, United States
c Oregon Department of Forestry, 2600 State St., Salem, OR 97310, United States
d Pacific Northwest Research Station, Portland Forestry Sciences Laboratory, P.O. Box 3890, Portland, OR 97208, United States
a r t i c l e i n f o
⁎ Corresponding author. Tel.: +1 503 808 2542; fax: +
E-mail addresses: jbarbour01@fs.fed.us (R.J. Barbour)

pdaugherty@odf.state.or.us (P.J. Daugherty), gchristense
1 Retired.

1389-9341/$ – see front matter © 2008 Published by E
doi:10.1016/j.forpol.2008.02.003
a b s t r a c t
Fuel treatments
Biomass
The FIA BioSum model was used to simulate three fire-hazard-reduction policies in an area comprising
northern California, southwestern Oregon, and the east slopes of the CascadeMountains in Oregon. The policy
scenarios, all subject to a stand-scale fire-hazard-reduction effectiveness constraint, included maximize
torching index improvement (Max TI), maximize net revenue recovery (Max NR), andminimize merchantable
timber removal (Min Merch). Differences in the area treated under each scenario were considerable, ranging
from 15 to 96% of the area for which effective treatments are technically feasible. For each scenario, weight,
species, and source tree size of both dirty chips (hogfuel or biomass) and saw logs were estimated. The mix of
species and sizes removed under each scenario was surprisingly similar, although the Min Merch scenario did
removemore noncommercial species such as hardwoods andmore saw logs in the midsize classes (10 to 16in.
diameter at breast height (dbh); 25.4 to 40.6cm) than the other two scenarios. Saw logs accounted for 67 to
79% of the weight removed. Under all scenarios, the Douglas-fir (Pseudotsuga menziesii)/larch (Larix) and
white woods (Picea spp., Tsuga spp, and Abies spp.) species groups accounted for nearly all of the saw logs
removed. Tops and limbs of commercial species and noncommercial species accounted for most of the dirty
chips. Stems of low value commercial conifers (7 to 16in; 17.8 to 40.6cm) were also an important source of
dirty chips. Trees smaller than 7in. (17.8cm) dbh were a relatively minor component of the dirty chip mix.
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1. Introduction

Increasing stand density associated with fire suppression, grazing,
and other long-standing forest management practices has resulted in a
higher level offire hazard acrossmuchof theWesternUnited States than
is believed to have existed prior to European settlement (Parsons and
DeBenedetti, 1979; Bonnicksen and Stone, 1982; Parker, 1984; Chang,
1996; Hann et al., 1997; Covington et al., 1997; Fule et al., 1997). As
federal and state agencies mobilize to address this issue, some
stakeholders worry that even if agency solutions are effective in re-
ducing fire hazard, such solutions may harm other resources that they
care about (see for example, Aplet and Wilmer, 2003; Dombeck et al.,
2004). Others havewarned thatwithout careful planning, agencies may
adopt treatment strategies that ultimately prove ineffective and fail to
accomplish stated goals (Franklin and Agee, 2003). Cost of treatment
programshas also been a concern, and there has beenpressure to design
cost-efficient and, where possible, self-supporting, programs (Hulsey
and Ripley, 2006).
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We believe an approach that integrates multiple ecological, social,
and economic concerns into a commonanalytical framework is needed
to allow policymakers and the public to evaluate the consequences of
alternative strategies for fire-hazard reduction (Barbour et al., 2004a,
2005). This analysis contributes to the understanding of how fire-
hazard-reduction treatments can be financed by evaluating the types
of wood that could be removed by hazard-reduction treatments. Un-
derstanding this aspect of the larger problem is important because the
funding available from federal and state governments to address
wildland fire hazard is quite limited in relation to themagnitude of the
problem. For example, Prestemon et al. (2008-this volume) show that
at the current federal funding level, it would probably take decades to
make a noticeable difference in the broad-scale fire hazard in the
Western United States.

Given that a range of treatments with different net costs may be
effective, we want to understand how less expensive treatments can
be identified. This analysis considered only mechanical thinning
treatments designed exclusively to achieve hazard reduction; how-
ever, there is no reason why this framework could not be used to
evaluate the costs and effectiveness of other treatment approaches
such as prescribed fire; othermechanical methods such asmastication
or mowing to alter fuels in situ; and thinning treatments designed to
yield both hazard reduction and profitable timber volume. We also
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want to understand ways to combine various stand-scale activities
into a package that protects a larger landscape from uncharacter-
istically large or severe fires. This might be done by using information
from analyses like the one described here to evaluate stand-scale
treatments for use in a landscape-scale fire-spread analyses like that
suggested by Finney (2003, 2005). Eventually, we want to understand
how to combine the types of financial analyses presented here with
analyses of the response of other resources (e.g., wildlife, recreation,
aquatic conditions, soil conservation, etc.) under various management
scenarios. We feel such an integrated analysis would provide more
complete information about how different fire-hazard management
policies might influence the array of things people care about on
forested landscapes (Barbour et al., 2007).

Toward this end Fried et al. (2005) designed andDaugherty and Fried
(2007) refined the Forest Inventory and Analysis Program (FIA) BioSum
model. BioSum is a strategic model meant for use on landscapes larger
than 10,000mi2 (25,900km2). BioSum is intended to answer the
questions: (1) Couldfire-hazard-reduction treatmentswithin a specified
area provide enough raw material to fuel one or more 20-megawatt
wood-fired electrical power generation plants? (2) Using only revenues
from merchantable timber removed during treatments and the sale of
electricity, could the package of activities across the landscape (the
enterprise) pay for itself? (3) If not, how large of a subsidy would be
necessary? (4) What mix of tree species and sizes of merchantable and
Fig. 1. Stud
nonmerchantable timber would be removed during fire-hazard-reduc-
tion treatments? The part of the analysis reported here addresses the
fourth question.

2. Methods

We evaluated a mostly forested landscape in Oregon and California
that includes northern California, southwestern Oregon, and the east
slopes of the CascadeMountains from the California border north to the
Columbia River (Fig. 1). For this area, we modeled three stylized fire-
hazard-reduction scenarios each reflecting a different point of view
about overarching policy objectives (Table 1). The scenarios were (1)
maximize net revenue derived from fuel treatments across the
landscape (Max NR), (2) maximize the reduction in stand-scale fire
hazard across the landscape as represented by improvement in the
torching index (Max TI), and (3) minimize the amount of merchantable
timber removed during the treatments (Min Merch). These scenarios
reflect policy options commonly discussed in the context of the political
debate about whether treatments involving the removal of commercial
timber have a place in fire-hazard-reduction programs on federal- and
state-administered land (Brown, 2000;WesternGovernors' Association,
2002; Aplet and Wilmer, 2003).

The FIA BioSum analysis framework combines forest inventory
data, a treatment cost model, a fuel treatment effectiveness model,
y area.



Table 1
Description of simulation scenarios

Scenario Scenario description

Max NR Maximum net revenue (NR) for the combination of all plots included in the
scenario. Individual plots can have a negative net revenue, and the entire
“enterprise” could have a negative net revenue but it would be the highest
possible net revenue

Max TI Maximize the change in torching index (TI) and treat any area where
treatments are highly effective regardless of the cost. This scenario picks
those plot-treatment combos that contribute to TI change maximization, and
omits those that do not. It is designed to achieve maximum TI improvement
in the least costly ways, as this is actually a weighted combination of TI
improvement and NR max (with nearly all the weight on TI improvement).
The inclusion of NR in the weighted objective function ensures optimal
location of biomass facilities, thus lowering costs

Min
Merch

Maximum net revenue for the enterprise when treatments are limited to
plots where treatments are highly effective but allowing only the treatment
that minimizes merchantable volume for each selected plot. This scenario
reflects the policy choice that only selects fuel treatments that focus on the
removal of small-diameter material or at least minimizes the removal of
merchantable volume

Each scenario must provide sufficient dirty chips to fire a minimum mill size of 20 MW
for 10 years. Each scenario treats plots where treatments are highly effective. “Highly
effective” means that it is effective for increasing crowning index without making TI
worse, and ending with TI above 25.
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and a raw material hauling-cost model with a mixed-integer opti-
mization framework to explore alternative landscape-scale treatment
scenarios that achieve a variety of management objectives (Fried et al.,
2005). Details of the mixed-integer optimization process used in this
analysis are described elsewhere (Daugherty and Fried, 2007). Raw
material volumes generated by mechanical fire-hazard-reduction
treatments were estimated by applying silvicultural treatments to
data derived from forest inventory plots, each of which can be thought
of as representing a given area in the landscape. They were evaluated
alongwithmultiple siting options for building biomass-fired electrical
generating plants.

2.1. Forest inventory plots

A total of 6200 forest inventory plots, representing 22.2million acres
(9millionha) of potentially forested land,were extracted for this analysis
from the Pacific Northwest Research Station FIA Program's integrated
database for periodic inventories ( Hiserote andWadell, 2005). This plot
set was culled to remove plots that were observed on the ground to be
nonforest or located in reserved areas: designated wilderness, natural
areas, parks, preserves, monuments, national recreation areas, national
wildlife refuges, and inventoried roadless areas. We also omitted plots
on steep (N 40%) slopes that were too far from road networks for
technically feasible harvest systems, and those with no trees over 5in.
(12.7cm) dbh or less than 60ft2/ac (14.2m2/ha) basal area. Tree-list data
from these variable-radius plots include field measurements and
estimates of diameter, height, crown ratio, and species, and model esti-
mates of stem volume and merchantable and nonmerchantable bio-
mass, the latter estimated by using species-specific algorithms (Means
et al., 1994).

Treatments on all eligible land were simulated based on nine
silvicultural treatment options (Fried et al., 2005). These options were
suggested by a group of silviculturists and fire management experts
from several federal and state agencies and private firms. The
silvicultural prescriptions, all designed to reduce fire hazard, were
developed along two broad strategies: (1) fuel reduction or thin-from-
below focusing on removing ladder fuels (smallest trees first) and
leaving the largest trees untouched, or (2) stand density reduction or
thin-across-diameter-classes focusing on canopy density reduction
and leaving a residual stand containing the full range of tree sizes that
existed pretreatment. Prescriptions under both strategies varied in
their residual stand basal area requirements and upper diameter
limits for trees to be removed. Residual basal area requirements
ranged from 125ft2/ac (29m2/ha) down to 60ft2/per ac (14m2/ha) and
upper diameter limits based on breast height (4.5ft [1.3m] above
ground) diameters (dbh) were 10in. (25.4cm), 16in. (40.6cm), 21in.
(53.3cm), and no limit (Fried et al., 2005). These data were processed
using the Forest Vegetation Simulator (FVS) (Wykoff et al., 1982;
Dixon, 2002) to produce a “cut list” (number of trees removed by
species and size) for each of up to nine prescriptions for each plot.
Some plots had fewer than nine prescriptions because they contained
too little basal area to apply prescriptions with higher residual basal
area requirements.

2.2. Evaluating fire hazard

The Fire and Fuels Extension (FFE) of FVS (Reinhardt and
Crookston, 2003) was used to evaluate pre- and post-treatment fire
hazard in terms of torching index (TI) and crowning index (CI). The TI
is calculated in FFE as the 20-ft (6.1m) aboveground windspeed at
which crown fires are expected to initiate in a specified fire en-
vironment; CI is the 20-ft (6.1-m) wind speed at which active crown
fire behavior is expected (Scott and Reinhardt, 2001). Although it is
theoretically possible to consider hazard as a continuum, the crown
fire potential models embedded in FFE are typically applied by
silviculturists and fire professionals in a discrete manner. Thresholds
are generally selected to demarcate between hazardous and non-
hazardous stands or to produce easy-to–understand-and-implement
three-class models relative to hazard (e.g., high, medium, or low). We
considered plots with either CI or TI less than 25mph (40kph) as high
hazard. Treatment effectiveness was evaluated by comparing these
modeled indices pre- and post-treatment. A treatment was deemed
effective if it increased CI or TI by at least 20mph (32kph), did not
decrease either index bymore than 10mph (16kph), and neither index
was below 25mph (40kph) post-treatment. In addition to tree-list
data, FFE requires a surface fuel model (see Anderson, 1982). For this
analysis, we used the default fuel model selected by FFE based on
current stand conditions.

2.3. Estimating wood product yields

The cut lists generated by FVS (one per plot-treatment combina-
tion) were used to estimate theweight of dirty chips and theweight of
saw logs from merchantable trees (Means et al., 1994). Saw logs were
defined as pieces of stems at least 12ft (3.65m) long with small end
diameters of at least 4in. (10.2cm).

2.4. Treatment costs

Estimates of treatment costs were generated via the Fuel
Reduction Cost Simulator (FRCS) (Fight et al., 2006). The FRCS model
is a regression-based model that synthesizes published harvest cost
data for a variety of harvesting systems. Gross product values were
calculated as the product of modeled harvest quantities and local
product prices. We estimated logging costs based on whole-tree
systems for trees smaller than 21in. (53.3cm) dbh. Trees that exceeded
this threshold were modeled as being manually felled and delimbed,
with tops and limbs left in the woods. We systematically located 221
potential forest bioenergy production facility sites (p-sites) on a 20- ×
20-km grid, with minor offsets to ensure that all sites were on private
land (Fried et al., 2005; Daugherty and Fried, 2007). We combined,
edge-matched, and cleaned geographic information system (GIS) road
layers from various government agencies to produce a study-area-
wide GIS road coverage with each road segment assigned a rated
travel speed. Speeds were converted to unit costs (i.e., cost per unit
distance per unit weight of material hauled) by using current cost data
for operating log and chip trucks and travel times per road segment.
For each potential site, a cost accumulation grid was generated in Arc/



Table 4
Weight in millions of green tons of dirty chips from small trees (b7 in. [17.8 cm] dbh),
tops, limbs, low-value commercial conifers (10 to 16 in. [25.4 to 40.6 cm] dbh, and
noncommercial softwoods and hardwoods of all sizes (the “other” category) by species

Species group Max NR Max TI Min Merch

Douglas-fir/western larch 12.7 16.8 1.4
Soft pines 2.4 5.2 0.6
Lodgepole 1.1 1.3 0.3
White woods 15.0 17.5 2.8
Other 29.7 44.4 10.4
Total 60.9 85.3 15.5

Table 2
Area treated by scenario, proportion of acres eligible for treatment, total green tons
removed for the scenario, and the green tons per acre removed

Scenario Acres treated
(×1000)

Proportion of
eligible acres

Total removals (green
tons×1,000,000)

Green tons
per acre

Max NR 2843 0.69 296.2 104
Max TI 3944 0.96 325.9 83
Min
Merch

627 0.15 47.6 76
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Info, and spatially joined (via overlay) to the plot grid to provide haul
cost to that site from every plot in the study area. We assumed that
merchantable material would be delivered to the 86 existing wood
processing facilities in the study area, and unit haul costs for merchan-
table material were exogenously assigned for each plot as the average
haul cost to the three facilities with the lowest haul cost.We combined
results for all p-sites because we were concerned with howmuch and
what kind of material might be removed and howmuch area could be
treated under each policy scenario, not where the processing would
take place.

We allocated materials to the highest-valued use by assuming that
when all of the saw logs from a given tree size had net values of less
than $US18/green ton ($US19.8/green metric ton) at the mill gate,
these treeswould be processed as dirty chips rather than saw logs. The
$US18/green ton ($US19.8/green metric ton) threshold was based on
the price we assumed a power plant would pay. In reality these saw
logs from small trees might end up as posts and poles or pulpwood
which could have higher prices than dirty chips, but these options
were not included in this version of the BioSum model.

3. Results

None of the silvicultural treatments were effective or the treatments
were inappropriate for 4870 of the 6200 FIA plots within the study area
excluding them from further analysis. That left 1230 plots representing
about 4.1million acres (1.7million ha) to be considered for treatment.
The eligible area included both public and private ownerships and
represented slightlymore than 18% of the entire analysis area. Summary
data for the area treated and total weight of woody material removed
under each of the three scenarios are presented in Table 2. Considerable
differences among the scenarios are evident even at this level of
aggregation. For example, the Max TI scenario treated almost the entire
eligible area, whereas the Min Merch scenario treated only a small
fraction. Limiting the choice to the minimum merchantable treatment
made the majority (85%) of the eligible area uneconomical in terms of
treatment. Only the area where the minimum merchantable treatment
still produced significant volume was selected. Even so, the Min Merch
scenario still removed about 90% of the total weight of wood per unit
area removedunder theMaxTI scenario andnearly three-quarters of the
weight removed under the Max NR scenario. This suggests that regard-
less of thepolicygoal, removal of a similar amountofmaterial is required
to meet the effectiveness criteria.
Table 3
Total projected removals in millions of green tons per acre and proportion of saw logs
(stems of trees N7.1 in. [18 cm] dbh), proportion of small trees (b7.0 in. [17.8 cm] dbh) as
a fraction of total removals, and dirty chips from small trees as a proportion by dbh of
total dirty chips

Scenario Saw log
proportion

Dirty chips from small trees as
a proportion of total removals

Dirty chips from small trees as
a proportion of total dirty
chips

Max NR 0.79 0.04 0.18
Max TI 0.74 0.05 0.21
Min
Merch

0.67 0.04 0.12
Results presented inTable 3 break down the data into general wood
product categories (saw logs and dirty chips). Saw logs represent most
of theweight ofmaterial removed. Evenunder theMinMerch scenario,
saw logs account for about two thirds of the total. This implies that
removal of substantial amounts ofmerchantable timber is necessary to
accomplish our stand-scale fire-hazard-reduction goals given the nine
silvicultural prescriptions the model had to choose from. This is con-
sistent with earlier simulations for Montana and New Mexico where
treatments that remove only trees less than about 9in. (23cm) dbh are
frequently ineffective at reducing stand-scale fire hazard and almost
always have negative net revenues (Barbour et al., 2004b, Fight et al.,
2004). Strategies that allow removal of all tree sizes are more effective
at reducing stand-scalefire hazard and producing revenue (Fiedler and
Keegan, 2003; Fiedler et al., 2004).

Small trees (b 7in. [17.8cm] dbh) consistently represented only
about 5% of the total weight of material removed. There were, how-
ever, differences among the three scenarios in terms of the relative
contributions to the total dirty chip yield by small trees and other
components of the dirty chip mix. The proportion of small trees in the
dirty chip mix ranged from 12% for the Min Merch scenario to 21% for
the Max TI scenario (Table 3).

Dirty chip yields by species for each scenario are shown in Table 4.
Hardwoods and noncommercial or low-value commercial conifers (the
“Other” category in the table) contributed much more heavily to the
dirty chip yield from the Min Merch scenario (about two-thirds of dirty
chips) than they did for either of the other scenarios (Table 4). Under all
three scenarios, hardwoods and noncommercial and low-value conifers
also contributed the highest proportional weight to the dirty chip yield
of any species group (Table 4). In all cases, the bulk of dirty chips came
from tops and limbs of commercial species larger than 7in. (17.8cm) dbh
andwhole trees of low-value commercial conifers (thosewith delivered
values b $US18/green ton [$US19.8 green metric ton]) between 7 and
16in. (7.8 to 40.6cm) at breast height (Table 5). As a consequence of this
financial threshold, nearly two-thirds of the trees in the7 to 10in. (17.8 to
25.4cm) dbh class and 10% of the trees in the 10 to 16in. (24.5 to 39.2cm)
dbh classwere processed in BioSum as dirty chips even though they had
roundwood potential. Noncommercial species and logging slash from
merchantable size conifers were also important sources of dirty chips
under all three scenarios (Tables 4 and 5).

Results for merchantable timber yields (saw logs) are presented by
diameter class in Table 6. Under all three scenarios, by far the largest
Table 5
Weight in millions of green tons of dirty chips from small trees (b7 in. [17.8 cm] dbh),
tops, limbs, low-value commercial conifers (10 to 16 in. [25.4 to 40.6 cm] dbh, and non-
commercial species of all sizes by diameter group

Size class (in) Max NR Max TI Min Merch

1.0–7.0 10.8 17.8 1.8
7.1–10.0 21.6 31.6 3.6
10.1–16.0 13.9 19.9 4.0
16.1–21.0 9.3 11.4 3.1
21.1+ 5.3 4.6 3.0
Total 60.9 85.3 15.5



Table 6
Weight of saw logs in millions of green tons by tree breast height diameter in inches

Size class (in.) Max NR Max TI Min Merch

1.0–7.0 0 0 0
7.1–10.0 0.9 1.0 0.08
10.1–16.0 56.7 64.4 11.1
16.1–21.0 53.2 57.1 8.0
21.1+ 124.4 118.1 13.0
Total 235.2 240.6 32.1

Table 7
Weight of saw logs in millions of green tons by species group

Species group Max NR Max TI Min Merch

Douglas-fir/western larch 127.3 133.3 16.1
Soft pines 9.2 11.2 2.3
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contribution to total saw log removals came from trees in the 21+in.
(53.3-cm) class. This diameter class represented 40, 49, and 53% of the
total weight for theMinMerch,Max TI, MaxNR scenarios, respectively.
These trees do not contribute to the dirty chip yield because they are
delimbed at the stump, so tops and branches are not collected.

The Douglas-fir/larch and white woods (spruce [Picea spp.], true
firs [Abies spp.], and hemlock [Tsuga spp.]) species groups are by far
the largest source of saw logs under all scenarios (Table 7). On a
proportional basis, the yields of saw logs by species are practically
identical for the Max NR and Max TI scenarios, but the Min Merch
scenario had proportionally less Douglas-fir/larch and more pines.

Summarizing yields as proportions by species group and diameter
classmakes it easy to compare themakeup of the saw log supply among
scenarios (Fig. 2). The figure is constructed so that the bars in a scenario
(across all species groups and diameter classes) sum to 1. Thus if the bars
for a scenario under a single species group are summed and multiplied
by the total saw log weight for that scenario from Table 7, the product is
the value for that species group given in Table 7. A corresponding
calculation can be made for the total saw log weight data given in
Table 6. This normalized display makes it possible to assess the relative
contribution of different diameters and species of trees to total saw log
weight, and to understand differences in these relative contributions
among scenarios. The presentation of the data in Fig. 2 demonstrates
quite clearly that, on a proportional weight basis, the only major
difference among the three scenarios is in the distribution of saw log
diameter in thewhitewood species group. The key difference is that the
Min Merch scenario removes the greatest weight of saw logs from the
10.1- to 16-in. (25.4- to 40.6-cm) dbh class, whereas the other two
scenarios remove the greatest weight from the largest diameter class.

4. Discussion

Each of the three scenarioswe evaluatedwas intended to represent a
different way of looking at the physical, economic, and political drivers
that constrain those who manage fire-hazard-reduction activities on
public and private lands. Our intent was not to conduct a detailed policy
analysis but rather to showhowoutputs differwith very different policy
directions. Other than fire hazard and finances, we did not consider
ecological or sociopolitical factors in this analysis.

4.1. Overview of scenarios

The Max NR scenario (maximize net revenue; Table 1) reflects the
pointof view thatfire-hazard-reduction treatments should not impose a
burden on the general taxpayer (Hulsey and Ripley, 2006). Under this
line of thinking, people who do not live near the forest should pay as
little as possible to protect forest resources or the lives and property of
people who choose to live in or near forests. Removal of merchantable
timber to pay for treatments is seen as a way to accomplish this goal.
Removal of merchantable timber during fire-hazard-reduction treat-
ments is also an extremely controversial subject in the PacificNorthwest
(c.f., Brown, 2000;Haines, 2004).2 It is, therefore, important to recognize
2 Haines, K., 2004. Ninemile fuels reduction scoping comments. Letter to Kevin
Moore, Ninemile Interdisciplinary Team Leader Chiloquin Ranger District, Freemont-
Winema National Forest, Chiloquin, OR. Klamath Forest Alliance, Somes Bar, CA.
that analyses that estimatemore than the absoluteminimumamount of
commercial timber removal necessary to accomplish the primary fire-
hazard-reduction goal could themselves become controversial (Noss
et al., 2006). Using our techniques, more commercial timber was
probably removed under the Max NR scenario than was absolutely
necessary to reduce the fire hazard below our stated thresholds in
individual stands. An alternative analytical technique (Skog et al., 2006)
allows feedback during simulation of the treatment so that the model
stops removing trees when the fire hazard goal is achieved. Such a
techniqueprobablywould bemoredesirable to thosewhowant to see as
little commercial timber removed as possible when implementing fire-
hazard-reduction treatments (Brown, 2000; Noss et al., 2006).

TheMax TI scenario (maximize the improvement in torching index,
Table 1) reflects the point of view that fire-hazard-reduction treat-
ments should be as effective as possible (Franklin and Agee, 2003) and
that torching index is the most important factor in preventing surface
fires from becoming out-of-control crown fires. Under this scenario,
removal of merchantable timber is not a factor. It is interesting that
even though small trees, often referred to as ladder fuels, are seen as
more important than larger trees in promoting torching (Peterson
et al., 2005), about 75% of the weight of material removed under the
Max TI scenario was saw logs (Table 3).

The Min Merch scenario (minimize the amount of merchantable
timber removed during the treatments, Table 1) reflects the point of
view that removal of commercial timber should be avoided whenever
possible. By using net revenue to break ties between prescriptions
with the same yield of saw logs and requiring that the entire enter-
prise maximize net revenue, this scenario rewards choices that result
in less expensive solutions. It requires the enterprise to be economic-
ally efficient. People who ascribe to this type of policy might view
commercial timber harvest as generally unnecessary or undesirable to
accomplish adequate fire-hazard reduction ( Aplet and Wilmer, 2003;
Laband et al., 2006) or they might simply fail to see a strong con-
nection between production of commercial timber and fire-hazard-
reduction (Brown, 2000). Removal of the net revenue requirements
would almost certainly lead to very different outcomes in terms of the
silvicultural prescriptions selected by the model. Limiting the amount
of hardwood removed would also greatly change the outcomes under
this scenario (Table 4).

The tactic of removing hardwoods to produce sufficient dirty chips
to fire a power plant is likely to be problematic for two reasons.
Hardwoods provide an element of biodiversity not offered by com-
mercial conifer species and they are often left in stands to provide
sufficient canopy closure to meet requirements for spotted owl (Strix
occidentals) management on federally administered lands in Califor-
nia's Sierra Nevada Mountains ( USDA FS, 2001). If hardwoods were
removed in the quantities we project, it is also reasonable to assume
they would be evaluated for higher value products (c.f., Lowell and
Plank, 1996).

A person living within the area would undoubtedly notice a dif-
ference in the way forests were being managed under each scenario.
For example, under the Max TI scenario, almost all of the eligible area
(about 20% of the entire landscape) is treated but under theMinMerch
scenario only about 15% of the eligible area, or about 3% of the entire
landscape, is treated (Table 2). If treatment programs like the Max NR
Lodgepole 3.0 2.7 0.8
White woods 95.7 93.4 12.8
Other 0 0 0
Total 235.2 240.6 32.1



Fig. 2. Proportional weight of saw logs removed for each scenario displayed by species group and breast-height diameter class. Weights of saw logs in each diameter class and species
group were normalized based on the total weight of saw logs.
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or Max TI scenarios were implemented, theywould greatly change the
character of the forests over much of this region. Under theMinMerch
scenario, management activities would be far less noticeable, but
many of the hardwood-dominated stands would be altered. Although
it is not our intent to dissect the silvicultural data here, these results
suggest that residual stands and the general landscape would look
very different under each of the three scenarios. Given these clear
differences, it is surprising how similar the species and size distri-
butions of trees removed from each of the scenarios are. Recognition
of this similarity is perhaps our most important finding.

The average yields per unit area were quite high under all three
scenarios (Table 2). In placeswhere USDA Forest Servicemanagers want
to use wood removals to help pay for fire-hazard-reduction treatments,
they typically hope to remove between 10 and 20green tons (9.1 to
18.2metric tons per ha.) of saw logs per acre plus perhaps a quarter of
that weight in dirty chips. In this context, it is worth recalling that the
silvicultural prescriptions simulated in this analysis were designed by
federal, state, and private forest management staff specialists to create
ecologically desirable residual stand conditions and greater resilience to
fire. They did not include a requirement to remove a specified amount of
either merchantable or total woody material. The high average per-acre
wood yields reported in Table 2 suggest that many of the FIA plots
included in this analysis are currently carrying much greater density
than is considered desirable by land managers.

4.2. Characteristics of wood removed

When compared on the basis of the proportion of the total saw log
weight there is very little difference among the saw logs recovered
from the three scenarios (Fig. 2). This suggests that similarities among
existing stand conditions could be as important as policy goals in
determining the mix of saw logs. The tendency of the model to select
stands with large potential hardwood removals under the Min Merch
scenario suggests that there are opportunities to alter the mix of
species in the dirty chip mix. This is, however, probably more im-
portant in terms of the species composition of the residual stands than
any wood processing consideration.

4.3. Sources of dirty chips

Reporting information on dirty chips as a composite for all diameter
classes and species is probably sufficient to provide potential manu-
facturers with the information they need to understand the raw
material, because if electrical generation is the goal, total weight, not
species or size, is the important driver. Some species will probably
generatemore ashorcausemore corrosionof processingequipment, but
those issues are beyond the scope of this type of analysis. The fact that
most of the dirty chips come from tops and limbs of merchantable trees
or whole trees of noncommercial species was, however, not really what
we expectedwhenwebegan the study. This result is interesting because
theUSDAForest Service andother federal and state agencieshaveplaced
considerable emphasis onfindinguses for stemsof small trees (USDA FS,
2000;Western Governor's Association, 2002; USDA FS, 2005; USDE and
USDA, 2005). To support this effort, the U.S. Congress appropriated $US5
million per year for technology grants administered by the U.S. Forest
Service to find new uses for or to develop manufacturing technologies
for the noncommercial materials (referred to as biomass in much U.S.
legislation and in the vernacular of forest managers who work on fire
hazard related issues) removed during fire-hazard-reduction treat-
ments ( Federal Register, 2005). Information on the characteristics of
that material could become important in guiding the distribution of
those funds. The results of our analysis suggest that given the assump-
tions used here, disposal of limbs and foliage from trees larger than 10in.
(25.4cm) dbh, and perhaps whole trees from noncommercial species,
will also constitute a major need in terms of utilization of currently
nonmerchantable materials. Disposing of this material presents quite a
different processing problem than finding uses for the stems of small
trees. Our analysis did suggest, for example, that given current market
conditions commercial operators would chip a substantial proportion of
commercial conifer trees in the 7- to 16-in. (17.8- to 40.6-cm) diameter
class rather thanhaul them to a sawmill for processing at a loss. Research
that could result in higher value uses for these trees or reduced costs for
their removal and transportation could shift 5 to 7% of the total weight
from dirty chips to saw logs.

4.4. Saw logs

The vast majority of saw logs comes from trees in the Douglas-fir/
larch and white woods species groups that are greater than 10in.
(25.4cm) dbh. Almost no lodgepole pine (Pinus contorta) or soft pines
(ponderosa [P. ponderosa], Jeffery [P. jeffreyi], white [P. monticola], and
sugar pine [P. lambertiana]) are removed (Table 7). The similarity of the
mix of size and species of saw logs among the three scenarios was an
unexpected outcome. We chose these scenarios because they represent
a reasonable range of policy options that might be followed in ad-
dressing the broad-scale fire hazard situation in the analysis area. We
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assumed that these different approacheswould result in differentmixes
of species and sizes of trees removed, but this was really not the case.
This suggests that nomatterwhat policygoalwas selected, a similarmix
of species would be removed and a similar distribution of saw log sizes
would result unless a diameter limit was imposed. In that case, the
distribution would be truncated at some upper limit, which would
change the proportions of the remaining log sizes. Even in that case, it is
probably safe to assume that the distribution would be skewed toward
the largest possible log sizes, given the imposed diameter limit and that
most of the saw logs would be either Douglas-fir/larch or white woods.
What we cannot tell from the current analysis is whether removing all
constraints onpositive net revenue and imposing a diameter limit could
result in effective treatment of a large part of the landscape at higher
costs or whether treatments that do not remove high proportions of
large trees are simply ineffective.

4.5. Other considerations

Trees that exceeded 21in. (53.3cm) dbh were modeled as having
their tops and limbs removed at the stump. All of the scenarios
removed substantial numbers of larger trees (N 21in.; 53.3cm), and the
contribution of their tops and limbs to the post-treatment surface fuel
load could be important. Surface fuels are created when small trees or
the tops and limbs of larger trees are cut and left on the site. Reducing
these “activity fuels” requires their removal from the site or their
treatment in place either by grinding or prescribed fire (Peterson et al.,
2005). We did not evaluate the difference in costs associated with
treating these activity fuels in place.

Another important question raised by our analysis is whether fire-
hazard-reduction programs that concentrate on only small trees will
accomplish their goals. In many situations, federal forest managers in
theWesternUnited States facepolitical pressure to set diameter limits of
9 to 16in. (20.9 to 40.6cm) dbh (for example, American Lands Alliance,
2002; Haines, 2004 [see footnote 1]). Altering our analysis to include
such a diameter limit could substantially change the mix of species and
sources (small trees or tops and limbs) of material reported in Tables 4
and 5. Maintaining the effectiveness requirement if such limits were
imposed would certainly reduce the total area treated, and conse-
quently, amount and type of material recovered. Analyses that evaluate
the effectiveness of treatments, such as the one conducted here, suggest
that when these types of restrictions are imposed, the area where
treatments are effective drops considerably (Barbour et al., 2004b; Fight
et al., 2004; Skog et al., 2006).

If any of the scenarios we modeled were implemented as we
designed them, they would contribute a substantial volume of saw logs
to existingmarkets, and this would probably have a noticeable effect on
those markets. Private landowners currently supply most of the
commercial timber within the analysis area. The Max NR and Max TI
scenarios eachproducemore thanaquarterof abilliongreen tons (about
200million green metric tons) of saw logs, so even if this were spread
over 10 or 20years it would still constitute a substantial addition to the
region's commercial timber supply. Abt and Prestemon (2006) have
suggested that such additions to timber supply would depress prices at
least in the short term, and it is conceivable that they could cause the
removal of marginal private land from timber production. This could
raise political opposition by private landowners to treatments on fede-
rally administered land.

5. Conclusions

Our analysis demonstrates the potential of the FIA BioSummodel as
a strategic planning tool that incorporates objective measures of the
effectiveness of stand-scale fire-hazard-reduction with financial
aspects of siting and supplying wood products manufacturing plants.
Our results for northern California, southwestern Oregon, and the
Oregon east Cascades provide a useful foundation for discussions about
how this tool could be used in an actual planning process. Under the
policy scenarios we examined, this analysis suggests that removal of
considerable amounts of commercial size trees is needed to accom-
plish fire-hazard-reduction goals when objectives are centered on
either maximizing net revenue or maximizing treatment effectiveness
based on reduction in torching hazard. Evenwhen the objectivewas to
minimize merchantable volume, about two-thirds of the removed
weight was in saw logs.

Tops and limbs frommerchantable commercial conifers and whole
trees of hardwoods and noncommercial conifers were major sources
of dirty chips. Opportunities to exploit higher value alternatives to
electrical power generation are limited for this type of material. Our
financial assumptions also caused a substantial portion of the com-
mercial conifers less than 16in. (40.6cm) dbh to be chipped rather
than processed as roundwood. Finding higher value options for these
materials shifts 5% or more of the total recovered weight from dirty
chips to roundwood.

Substantial differences were found in the total area treated under
each scenario, but even so, the types of material removed were not
very different. The main differences were seen in the Min Merch
scenario. A higher proportion of saw logs from midsize (10- to 16-in.
[25.4- to 40.6-cm] diameter trees were removed in comparison to the
other two scenarios where larger trees represented a larger propor-
tion of the weight. The Min Merch scenario also removed a much
higher proportion of hardwoods and noncommercial conifers, which
were converted to dirty chips.

A similar mix of processing capability would probably be required
to handle the commercial and noncommercial material removed
under any of the three scenarios. The size of the commercial timber
operation each scenario could support would however, be, quite dif-
ferent. The total removals from the MinMerch scenario are only about
15% of those from the Max TI scenario which are about 110% of those
from the Max NR scenario. This suggests that sizing the industry to fit
the potential long-term removals is an important aspect of imple-
menting any broad-scale fire-hazard-reduction program.
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